In a series of 65 tetraplegic hands with severe disabling spasticity and/or flexion contracture, selective flexor tendon elongation procedures were employed to improve their static and kinetic postures. A kinetic approach was adopted, utilizing local anesthesia in a wide-awake patient. This was employed to allow for the patient's cooperation in determining at surgery the desired length of digital extension at the time of wrist tenodesis action. Elongation of the extensor digitorum communis (EDC), extensor indicis proprius (EIP), and extensor digiti quinti (ED V) were added to correct an 'extrinsic-plus' posture observed in 16 patients following flexor tendon lengthening. With the resultant improvement in the static posture of the digits, tendon transfers could then be employed to provide a more functional tenodesis action. These measures provided both improved palmar contact and prehension.
Introduction
'In the Museum of the Royal College of Surgeons of London there is a specimen of the upper part of the spinal cord, laid open to show a healed fracture of the lower part of the neck. In May 1836, John Carter at age 21 had fallen from a tree. There was perfect absence of muscular power and sensibility of the skin throughout the body except in the head and upper part. In later years, John Hilton found indistinct sensibility on the left side as far as the elbow, ... muscles of the left shoulder were more developed than the right. The thumb was turned into the palm and the fingers were bent over.' (Sir Arthur Keith (1919) John Hilton. Principles of treatment. In: Menders of the Maimed.
Oxford University Press.)
This astute observation by the esteemed nineteenth century orthopaedic surgeon, John Hilton (1807-1878), exemplifies not only the then-existing, but also the current problem of the flexion deformities of the hand which not infrequently accompany traumatic cervical myelopathy. The pre sence of flexor hyperreflexia and hypertoni city, caudal to the injured cervical segment, is still often overlooked. In the presence of severe hyperreflexia, the appropriate measures of exercise and splinting have sometimes failed to prevent the subsequent development of fibrotic contracture in the flexor groups. In this series of 65 patients with spastic tetraplegic hands, the appropri ate conservative methods had indeed failed to prevent the development of a function ally useless flexion posture of the hand with its consequent negation of the still intact wrist dorsiflexors' capacity to produce a tenodesis action. The hands described in this report were essentially 'club-like' and had little functional use to the patient.
A general agreement of the 1984 Giens Conference 1 (Table I) was that severe spas ticity was a contraindication to surgery. A more recent report on some 300 muscle release operations for spasticity and spinal cord injury2 makes no reference to any procedures on the spastic hand. Faced with such stern interdiction, it at first appeared foolhardy to employ the standard tendon transfers to this type of dyskinesia, Prior to the initial report, 3 a similar attitude of pessimism had prevailed regarding any sur gical approach to comparable dyskinesias in the hemiplegic hand, resulting from stroke or brain injury. Since 1961 significant impro vement in the manual function of hemi paretic patients, following relatively simple tendon procedures, has been demonstrated by many authors.4,5 The increasingly suc cessful employment of kinetic surgery, in patients capable of cooperating with the surgeon, suggested a possible application of these same procedures to the abnormal postures of the tetraplegic hand. In 1964, a patient with severe flexion spasticity and contracture in both hands, resulting from a C6 traumatic myelopathy, urged that something be done about his flexed contractured fingers and thumb. Fol lowing selective elongation of the flexor tendons, he became able to use the operated hand as a very effective 'hook mechanism' to the extent that he later became a com mercial photographer. The increased pass ive extension of the digits provided not only a functional grasp-prehension for small ob jects, but a more normal ability to approach and grasp larger objects. He became a most valuable member of our team in his capacity to demonstrate his improved manual func tion to later prospective patients. From this singular experience, it was felt that the prevailing pessimism about the surgical treatment of the spastic and contractured tetraplegic hand might indeed not be justi fied.
Initially, the aim was partly cosmetic, designed to modify the unwanted appear ance of the hand, totally deprived of normal contact. 8 When it was noted that a tenodesis action could be improved as a result of flexor tendon elongation at the wrist, it seemed appropriate to employ these tech niques in the more demanding task of improving manual function. By careful intraoperative assessment of the appropri ate length for each tendon, it became possible to provide an improved tenodesis function through active motion at the wrist. This method of merely 'softening' spasticity or contractures thereby avoided the inher ent dangers of hypermobility and/or subse quent joint instability. 7 An added advan tage, following tendon lengthening of the digital flexors was the increased excursion of wrist dorsiflexion, resulting from surgical reduction of the preoperative 'tethering action' of the contractured digital flexors.
As the innervated 'motors' supplied by the preserved C6 and C7 radicles were not affected by these procedures, these intact tendons could then be utilized for appropri ate transfers. Discussion of these tendon transfers, and of the patients who had some degree of preservation of the C8 nerve root supply, was not considered to be germane to this study, as these surgical techniques have been so completely described in historical reviews.8-10 The classification of preserved motor function, employed in almost all patients, was that established at the Giens meeting in 1984.
Patients and methods
As these procedures were initially viewed as being largely experimental, the more useless hand was chosen for surgery, but with increasing experience, the hand preferred by the patient was chosen. In the years 1964 through 1985, 65 tetraplegic patients under went corrective operative procedures for reduction of their hyperreflexia and/or con tracture. Fifty-two of these patients were male and 13 were female. The ages ranged between 18 and 44 years. All but 10 were involved in motor vehicle accidents, 6 pati ents had sustained diving injuries, 2 had gunshot wounds to the neck, and 2 resulted from benign resected cord tumors. The average interval between injury and surgery was 4. 7 years.
Thirty-five patients were classified as hav ing retained motor functions to the level of the C6 myotome (Giens classification IV). These patients had MRC ratings of 4/5 at least in the brachioradialis (Br), extensors carpi radialis longus and brevis (ECRL and ECRB), and in the pronator teres (PT). Thirty patients fitted in the Giens VI group, with the addition to the above muscles of the extensor carpi ulnaris (ECU) and exten sor digitorum communis (EDC). All 65 patients had a combination of digital flexor spasticity and contracture and, owing to the late referral pattern, flexion contracture had largely replaced spasticity. Four of the more severely contractured hands had developed excoriation of the palmar skin and one had developed a palmar space infection.
A subgroup of 10 patients had an accom panying head injury. Preoperative evalu ation of residual function in these hands was a difficult task. Surprisingly, after surgical elongation of the tight digital flexors, an unexpected degree of occult volitional ex tension of the digits, below the clinically assigned injured segment, was observed in 6 of these patients. Four of these 6 patients had dystonic ('intrinsic-plus') posturing at the metacarpophalangeal joints (MCP) of the fingers, which required additional sur gical correction.
Preoperative sensory evaluation was per formed accordin ? to the most widely accept able technique. 1 Patients were not ac cepted for this study unless they had ade quate retention of sensation in the thumb and index. All patients had been provided with a full regimen of exercises and splinting during their initial hospital treatment.
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Unfortunately, many of them had been remiss in continuing these programs in subsequent years. A fresh attempt at kinetic and static splinting, made prior to surgery for 2 additional months, had little benefit in terms of reducing contracture.
All procedures were performed using 0.5% local infiltration anesthesia without added vasoconstriction. This was done as it was soon apparent that the patient's active cooperation was a vital part in procuring the desired degree of tendon lengthening. The procedures were performed by 7 different surgeons, all of whom used a common protocol designed by the authors. As one of the author's (WJT) experience had been limited to the results of surgery in the spastic and dystonic hemiplegic hand, and as he also suffered the disadvantge of not being a surgeon, the cooperation and advice of the other authors was sought and generously provided throughout this study.
Operative procedures
The hyper flexed digital posture (Giens IV patients)
Employing local anesthesia, usually without the use of a tourniquet, the superficialis and profundus flexors (FDS and FDP) and the tendon of the flexor pollicis longus (FPL) were exposed by a curvilinear incision on the volar aspect of the wrist. The transverse carpal ligament was released in most pati ents to provide wider exposure of the flexor tendons. Local anesthesia was applied to the individual tendons, prior to their elongation by Z-plasty. The FDS tendons were then elongated and temporary sutures were ap plied to these. An intraoperative flexor reflex was performed on each of the indi vidual digital flexors, to determine if suffi cient reduction of hyperreflexia had been secured. The operated hand was then ex posed to the patient's view, and he was asked actively to dorsiflex the wrist. If hyperreflexia, or contracture, was still pre sent in the FDP tendons, these were then elongated, temporary sutures were applied, and the patient was asked actively to dorsif lex the wrist. Where indicated, the FPL tendon was similarly elongated to provide a more functional 'post' posture of the thumb. Figure 1 shows the difference in extension range of the digits on the unoperated left hand, and the operated right hand, in 2 positions of the wrist, namely: (1) neutral wrist posture, and (2) with the wrist in slight palmar flexion. Some 25 years after the operation on the right hand, the patient had retained the original degree of tendon elon gation and was able to use the provided increase in palmar surface to approach and grasp objects. Although a Giens IV patient, he became able postoperatively to develop complete independence in transfers, in feed ing, self dressing, even in self catheteriza tion, after the addition of a brachioradialis reinforcement to the FPL.
Due to the greater tendency of the ring and little finger flexors to develop recurrent contractures and their lack of propriocep tion, these tendons were more widely elon gated than those of the other digits. The purpose of this was to ensure a wider surface of palmar contact, unobstructed by the later development of contractures in these digits. The provided increased extension was par ticularly appreciated by young adults in their manual approach to medium sized objects, such as a beer can, and their improved manual contact with their wheel chair rims. In 10 patients, additional minor surgical measures were needed to reduce capsular or ligamentous tightness of the IP or MCP joints, especially in those patients who had subluxed flexed joints. Four pati ents required intrinsic releases 12 to reduce intrinsic contractures.
The hy per flexed thumb posture
Particular attention was paid to the precise degree of elongation needed in the FPL, in order to provide adequate tension, either for pulp apposition or 'key pinch'. The benefit of elongation of the FPL is shown in Figure 2 . Following elongation of the FDS and the FDP, the hyperreflexic and contrac tured FPL denied this Giens IV tetraplegic patient an effective thumb-digital pinch (2a). After selective elongation of the FPL, he obtained wider palmar contact (2b) , as well as good pulp contact between the thumb and index (2c). The contrasting posture of the unoperated left hand is clearly demonstrated in Figure 2( 
d).
'Extrinsic-plus' posture (Giens VI group)
In 18 patients with tightly flexed IP joints, in association with strongly contracting and inadequately antagonized EDC, flexor ten don elongation needed to be supplemented by measures to reduce the hyperextension posture of the MCP joints. An earlier use of dorsal capsulotomies was soon abandoned, as the resultant MCP flexion impeded the passive excursion of the digits in producing an effective tenodesis action. The 'lasso' procedure13 was performed in 7 patients, with early excellent alignment and function after 6 months which was not sustained in later evaluations at one year. A persistent strongly contracting EDC in all but 2 pati ents caused recurrence of the 'extrinsic-plus' posture. In the remaining 5 of these pati ents, and in 11 other patients, the EDC was elongated under local anesthesia, proximal to the division of the common extensor tendons. Two patients required additional elongation of the EIP and ED V tendons. These procedures were supplemented by 'pinning' of the MCP joints in 30 degrees of palmar flexion for a period of 6 weeks postoperatively.
Shown in Figure 3 are the pre and post operative appearances of the operated hand of a Giens VI patient who underwent surgery some 6 years after injury. Despite a rating of 4 MRC power in the radial and ulnar wrist dorsi flexors , he was unable effectively to avail of these muscles because of the contractured finger and thumb flexors (Fig 3a and b) . Following elongation of the digital flexors, the reflex overactivity of the EDC became apparent and he required a later elongation of this tendon. Postopera tively, he was provided with a much wider approach to objects during passive wrist palmar flexion (5c) and developed a strong pulp pinch with active wrist dorsiflexion (5d).
Postoperative management
A well padded cast was applied to the forearm and hand, extending distally to just beyond the terminal IP joints. To protect the lengthened flexor tendons, the cast was positioned at 15 degrees of palmar flexion at the wrist, with the thumb in a slightly abducted posture. The cast was removed after 3 weeks, and the patient was encour aged to perform active dorsiflexion of the wrist under the guidance of an occupational therapist. If insufficient extension of the IP joints was obtained, small 'ring' splints (Fig 4a) were employed to provide increased digital extension range. The ease in adjustment and removal of these light splints allowed 7 patients to use them permanently, even in digits with impaired protective sensibility. Following surgical correction of the 'extrin sic-plus' posture of the Mep joint, a dorsal metacarpal splint (Fig 4b) was applied for 3 months postoperatively to reduce recurrent hyperextension. The patient was then pro gressed through a therapy routine of developing a pinching action with the use of varying sized objects, always being admon ished to supplement proprioceptive relays by the addition of visual cues.
Operative results
It was not feasible to use the refined methods of functional evaluation as outlined in an earlier paper14 to determine the efficacy of these procedures, as preopera tively these patients had such a low level of motor performance. Instead, the post operative assessment had to depend on the more crude parameters of the patient's self appraisal of the operative results, and on the objective evaluations performed by the sur geon.15 These clinical observations were also complemented by activities of daily living (ADL) assessments performed by occupational therapists. Postoperative re- suIts were determined at 6-, 12-, and 24-month intervals in all but 9 patients. These 9 patients were lost to follow up at the end of one year.
Improved manual contact
That this was improved in all patients in both groups was not a surprising result, as palmar contact was substituted for the pre vious contact solely along the dorsal surface of the hand. The reduction of contracture was particularly appreciated by the patients not only because of the improved cosmetic appearance, but also for their ability to make more normal manual contact with their colleagues and partners. Preopera tively these hands could be employed only as a 'pushing member', without any capacity for grasp or release. With surgical 'soften ing' of the hyperreflexia and contracture by tendon lengthening, all but 2 patients were provided with an effective tenodesis action. These 2 patients showed inadequate reduc tion of flexor hyperreflexia, and needed repeat elongations.
Grasp-prehension function
Postoperatively a 'key pinch' mechanism was utilized in most patients. In 2 patients, the FPL had been too widely elongated, with the resultant weak 'pulp-pinch', and these hands required reinforcement with tendon transfers. Otherwise, overcorrection was not a problem in these patients, due to the careful retention, at surgery, of the desired amount of contracture to stabilize the joints.
In the Giens VI hands, after the produc tion of appropriate flexor tendon lengthen ing, a persistent extension posture of the MCP joints significantly impaired the teno desis action of 18 out of the 30 hands. Two were successfully corrected by the Zancolli procedure. In the remaining 16 patients, elongation of the 'extrinsic extensor' ten dons successfully corrected this posture at 2 years follow up. Two patients needed repeat elongation of the EDC. Elongation of this tendon was of especial benefit in 4 patients, in whom preoperative clonus of this muscle had been a particularly disabling feature. In the remaining 12 patients, MCP hyperexten sion was of a relatively minor order, and could be easily corrected by a dorsal meta carpal splint. The overall functional results obtained in this group, as expected, were much greater than those obtained in the Giens IV subset. This was due largely to the better existing balance between the radial and ulnar dorsiflexors of the wrist and the wider area of digital sensibility.
A wholly unexpected discovery of 'occult' preserved motor function in 6 patients with associated brain injury could not be readily explained on the basis of any possible 'root escape', as the pre and postoperative sen sory examinations remained unchanged. Postoperative improvement in function im plied rather that the prevailing preoperative flexor spasticity and contracture had denied the patients these hidden functions, later revealed by tendon elongation. An analog ous phenomenon of deafferentation's effect on suprasegmental recovery has been re cently reported.
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Complications
These were relatively few in number, in the light of the simplicity of the procedures. Three patients developed a carpal tunnel syndrome 3 to 6 months postoperatively, requiring release of the transverse carpal ligament. In subsequent patients, release of this ligament was routinely employed. The finding of pseudoneuromata in the median nerve was thought to be caused by the patient's increased use of the operated hand in activating their wheelchairs. In 2 patients, the use of a vasoconstrictor resulted in temporary hypovascularity of the median supplied digits. By careful removal of the median nerve from the infiltrated field, and the discontinuance of a vasoconstrictor, this complication was subsequently avoided. The potential for fluid overload from in travenous solution was overlooked in 3 of our older patients. Preoperatively, these patients had a delicate reflex bladder-void ing mechanism, and developed postopera tive distension of the bladder. Prophylacti cally, all patients were then operated with an indwelling catheter, or had prompt ca theterization after surgery.
In 3 patients, deterioration of the pro vided functional improvement was noted approximately one year postoperatively. They were found by MRI to have a post traumatic syringomyelia unrecognized prior to surgery. With cephalad extension of the syrinx, they had developed 'spasms' in either the forearm flexors or extensors, and these patients subsequently needed syring ostomies to prevent further functional loss.
This discovery prompted the employment of preoperative MRI evaluation in all patients, especially in those in whom reflex re sponses, below the level of segmental in jury, were found to be hypoactive or 'para doxical'. This finding would suggest that patients with irradiating 'spasms of the upper extremities' should not undergo re constructive surgery until an MRI had been obtained.
Discussion
While many authors have viewed severe spasticity as an absolute contraindication for the employment of corrective surgery, espe cially of tendon transfers, the results ob tained in this study would suggest that this prevailing pessimism can be lightened by the described minor procedures. In a previous report, the alternatives of phenol and alco hol nerve blocks have been found to pose hazards of causalgia and unpredictability. 17 Tenotomies, except for cosme sis in severely contractured hands, are of little proven functional value. Release of the origins of the spastic flexor muscles at the elbow has previously been reported18 to be inferior functionally to their elongation at the wrist. Indeed, the attendant complications from wide dissection at the elbow, resulting in a dysfunctional supinated posture of the fore arm, have been cogently outlined by the Rancho Los Amigos group. 19 While the 'worst possible scenario' of a tightly flexed hand was the basis of this study, the functional results obtained would suggest that these measures would have had even more beneficial application at an ear lier stage, before the evolution of spasticity into fibrotic contracture. The departure from the more customary use of a tourni quet was necessitated in this series by the need to maintain proprioceptive sensation throughout the operation. Without the use of a tourniquet, the extra operative time was
